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Abstract

For a 30-story shear wall residential building with significant elevation differences, frequent process overlaps, and temporary
components subjected to structural loads, an integrated approach of “risk identification—intelligent early warning—closed-loop
prevention and control” was proposed. The study first identified seven critical risk categories through literature review and two
rounds of Delphi method: falls, collisions, formwork expansion, deflection amplification, scaffolding instability, slab-column shear
failure, and early-age strength lag. A four-dimensional early warning indicator system was subsequently developed, incorporating
personnel behavior, equipment status, environmental conditions, and structural performance. After AHP weighting and temporal
weight iteration, the system was embedded with a BPNN-RF-SVM soft voting integration model to achieve dynamic inference at
S-minute granularity. Field validation conducted from April to August 2025 demonstrated improved system performance: warning
accuracy increased from 75% to 92%, accident rate decreased from 1.2% to 0.3%, and closed-loop rectification rate rose from 80% to
98%, with stable performance even under high-wind conditions and nighttime casting scenarios. This research provides a replicable
risk quantification and real-time intervention paradigm for high-rise residential construction.
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